Background: It has been suggested that bilirubin has an inverse association with cardiovascular disease (CVD) due to its antioxidant properties. However, there are few data regarding the relationship between serum total bilirubin (sTB) and risk factors for CVD in Koreans. This study aimed to evaluate the relationship between sTB and high sensitivity C-reactive protein (hsCRP), which is an independent risk factor for CVD.
INTRODUCTION Atherosclerosis (AS) is a vascular disorder in which the
arterial walls thicken as a result of the accumulation of fatty materials. AS is also a chronic inflammatory disease caused by the deposition of activated lymphocytes and macrophages and is promoted by low-density lipoproteins. When AS progresses, cytokines such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive protein (CRP) increase. 1, 2) High sensitivity CRP (hsCRP) is associated with instability of atheromatous plaque and is a predictive indicator (CVD), and also in healthy adults. 4) Additionally, similar to serum total cholesterol and the ratio of serum total cholesterol to high density lipoprotein (TC/HDL-C), an elevated level of hsCRP is an independent predictive indicator of cardiovascular morbidity 5) and is a stronger predictive risk factor for CVD than classical risk factors. 6) Schwertner et al. 7) reported that serum total bilirubin (sTB) was inversely correlated with risk of CVD, and Hunt et al. 8) found that the patients who had lower levels of sTB had up to an 80% increase in the risk of CVD compared to patients who had higher levels of sTB. However, there are few hypotheses about the relationship between sTB and CVD. According to a previous 
Statistical Analyses
We classifi ed all of the subjects into two groups according to their hsCRP level (above or below 1.0 mg/L) and compared each risk factor for CVD between the two groups. In addition, all of the subjects were classifi ed into quartiles (25th, 50th, 75th percentile) RESULTS Table 1 shows the baseline characteristics of the 6,800 study subjects. Subjects were classified into two groups: the low-risk group (n = 5,100; hsCRP < 1.0 mg/L) and the average to highrisk group (n = 1,789; hsCRP > 1.0 mg/L) for CVD. Compared to the average to high-risk group, the low-risk group had lower body mass index (BMI); lower prevalence of current smokers and patients with DM and HT; and lower levels of FPG, systolic BP, ALT, and TC/HDL-C ratio (all P < 0.001). Additionally, the lowrisk group had a lower level of sTB than the average to high-risk group (P = 0.03). Table 2 shows the baseline characteristics of the four sTB groups (quartiles), which were analyzed using ANOVA and chisquare tests. Th e mean age of the group with the lowest sTB (sTB < 13.58 μmol/L) was significantly lower than the highest sTB group (sTB > 20.70 μmol/L) (44.31 ± 3.95 years vs. 44.09 ± 3.74 years, P < 0.001). BMI, prevalence of current smokers, and the TC/HDL-C ratio signifi cantly decreased with increasing levels of sTB (P < 0.012 and P = 0.01, respectively). Levels of hsCRP also signifi cantly decreased with increasing levels of sTB (P < 0.001).
However, the frequency of alcohol consumption, percentage of patients who had DM or HT, levels of FPG, systolic BP, and ALT
were not signifi cantly diff erent among the four groups.
We performed a multivariate logistic regression analysis to estimate ORs and 95% CIs of increased hsCRP according to quartiles of sTB levels and used three logistic regression models to adjust for various factors (Table 3) . In model I, which adjusted only for age, when compared to the lowest quartile of sTB, the ORs (95% CI) for hsCRP in the 2nd, 3rd, and 4th sTB quartiles with a history of stroke. Nobotny and Vitek 14) reported that serum bilirubin in men had an inverse relationship with the severity of AS in a meta-analysis of 11 studies. We found that aft er adjusting for other risk factors of CVD, sTB was inversely associated with hsCRP, which is a predictive indicator for CVD, and this fi nding is consistent with the results of previous studies. Although this was a cross-sectional study and our participants were middle-aged
Korean men who visited a health promotion center, we believe the number of study participants was sufficient to evaluate the relationship between sTB and hsCRP.
There have been several studies about the relationship between hsCRP and risk factors for CVD. Nakanishi et al. 16) reported that hsCRP had a significant relationship with age, smoking status, serum fasting glucose, BMI, BP, HDL-C, and triglycerides. In a previous Korean study, 17) hsCRP had a positive relationship with serum fasting glucose, age, and BP. However, hsCRP was not signifi cantly associated with age in our study. Th is result is possibly due to the narrow age distribution of our study sample (40 to 59 years old).
Mild to moderate alcohol consumption reduces hsCRP.
Several studies [18] [19] [20] reported that men who drank one to four drinks of alcoholic beverages per week had the lowest levels of hsCRP, and the relationship between alcohol consumption and hsCRP was U shaped. However, this study did not detect a signifi cant association between alcohol consumption and hsCRP.
We did not collect specific information about the amount of alcohol consumed by study subjects because of our inability to validate the information. Serum bilirubin is affected by aging, smoking status, and fasting state, among other factors, and has an inverse relationship with risk factors for CVD, such as aging, obesity, smoking, HT, and dyslipidemia. 7, 21, 22) We found that sTB had an inverse association with age, BMI, smoking status, and the TC/HCL-C ratio. However, in this study, sTB did not demonstrate a significant relationship with HT or systolic BP.
A previous Korean study 23) reported that serum bilirubin had a significant relationship with HT in women but not in men.
Therefore, we suggest that future studies about the association between sTB and BP or HT in the general population should include women and older people.
We transformed the levels of sTB measured in this study to SI units (μmol/L). The SI unit for sTB levels contains more information and is bett er at detecting changes of serum bilirubin within physiologic levels. 14) However, further studies about the relationships between other forms of serum bilirubin and risk factors for CVD are necessary. It is not clear how serum bilirubin lowers the risk of CVD. One potential mechanism is the antioxidant and antiinfl ammatory eff ects of bilirubin through inhibition of oxidation of low-density lipoprotein cholesterol (LDL-C) and oxygen radicals, which may consequently prevent AS. Another possible mechanism is the association of high-density serum bilirubin with lower levels of infl ammation. [24] [25] [26] One of the limitations of this study was that we included only the total level of serum bilirubin in the analysis to investigate the association with hsCRP and risk factors for CVD; serum direct and indirect bilirubin were not included in the analysis. Because all forms of bilirubin (free or albumin-bound) inhibit hyperoxidation of LDL-C, 27) this limitation might not have aff ected our results.
Th e other limitation was the age distribution of the study sample.
Th e study subjects were middle-aged Korean men (40-59 years old); therefore, the results may not be necessarily generalized to
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other populations in or outside of Korea. Th e third limitation was that this study was a cross-sectional study, which makes it diffi cult to detect a causal relationship between sTB and hsCRP and risk factors for CVD.
In conclusion, this study showed that sTB was inversely associated with hsCRP and risk factors for CVD. Despite some limitations, this study is meaningful because it is a large study of subjects who visited a health promotion center. We anticipate that the results of this study will be used in future studies.
